Abstract-Electrical activities evoked by tooth pulp stimulation were recorded in the subnucleus caudalis region of the spinal trigeminal nucleus, and the action of fentanyl, a short-acting narcotic, on these activities was investigated in the a-chloralose anesthe tized cat. Fcntanyl (20 or 40 dry kg i.v.) depressed the first peal: and potentiated the second one of negative potentials evoked by pulp stimulation in the border area between the nucleus proprius (Pr) and the lateral reticular formation (LRF). Neurons, whose responses to pulp stimulation were depressed by fentanyl, were also predominantly localized in this region. Pulp-induced monophasic negative potential and spike dis charges in the more ventro-medial portion of the LRF were not affected by fentanyl. The effect of fentanyl on cells in the marginal zone varied from unit to unit. The selective action of fentanyl on neurons in the border area between the Pr and the LRF may partially explain the analgesic action of fentanyl.
Since Sjogvist's surgery on the cervical tractotomy (1), it is considered that the sub nucleus caudalis of the spinal trigeminal nucleus is concerned with a relay station of nocicep tive and thermal sensation of the facial area (2) . Cytoarchitecturally speaking, the sub nucleus caudalis in humans has different features than the other two subnuclei of the spinal trigeminal nucleus (3) . Similar differences are also observed in monkeys (3), cats (4) and rats (5) . This morphological analogy between human and animals suggests that the neurons in the subnucleus caudalis in these animals would also play a significant role in facial pain.
Physiological data obtained with these animals partly support this hypothesis (6) (7) (8) (9) (10) .
The subnucleus caudalis is assumed to be the site of action of narcotics, since lesion of the subnucleus caudalis markedly depressed the effect of morphine or fentanyl on the jaw opening reflex induced by noxious stimuli (11) (12) (13) . However, studies of drug actions on the evoked potentials in the subnucleus caudalis from tooth pulp, which consists exclusively of the small myelinated (A,_") fibers (14) , were inconsistent: morphine (2-6 mg; kg i.v.) depressed the evoked potential size in the dog (15) , while no influence of the drug (up to 6 mg kg i.v.) was evident in the rabbit (16) . The subnucleus caudalis is subdivided into three anatomically different layers (the marginal zone, the substantia gelatinosa and the nucleus proprius (Pr)) (3) , and the lateral reticular formation (LRF), which borders the ventro medial aspects, is also known to be closely related with input from the trigeminal nerve (6, 7, 9) . Therefore, it is possible that the nature of the evoked potentials in the subnucleus caudalis may be classified into different subdivisions with each subdivision having different drug sensitivities. Thus, the inconsistency observed in the morphine effect (15, 16) In the present study, we attempted to elucidate the action of a narcotic in the subnucleus caudalis region; at first, the field potentials were utilized in order to determine their relations with the three subdivisions of the subnucleus caudalis and the LRF, and secondly, single neuron activities in these different layers induced by volleys in tooth pulp nerves were studied.
Fentanyl citrate was the narcotic used (17) . As this compound has a short-lasting action, multiple injections in a single experiment could be given.
MATERIALS AND METHODS
Experiments were carried out on 49 adult cats. Ether anesthesia was used only briefly during cannulations of the trachea, femoral artery and femoral vein, after which the animal was mounted on a stereotaxic apparatus. After discontinuing the ether inhalation, the animal was anesthetized with a-chloralose (50 mg/kg i.v.), immobilized with gallamine triethiodide (Teisan) and artificially respired. Rectal temperature was maintained at 37-38'C and systemic blood pressure was monitored during the course of the observations. The cervical spinal cord and lower medulla were exposed by suboccipital craniotomy and cervical lamin ectomy at C1 level. Exposed tissues were covered with a pool of warmed liquid paraffin.
Two small openings, approximately 1 mm apart, were drilled into the dentine of the upper and/or lower canine teeth on both sides, and bipolar stainless steel electrodes (0.13 mm, diameter) were inserted into the holes. Amalgam was put into the openings and covered with dental cement together with electrodes. A single or paired monophasic square pulses of 0.5 msec duration (5 msec interval) were applied to the dentine electrodes via an isolation unit (MSE-40 and MSE-JH, Nihon Kohden) at a frequency of 0.3-1 Hz. In the single neuron analysis, the modality of effective stimuli and the peripheral receptive field were roughly determined by touch, pressure or pin prick to the skin.
Glass microelectrodes, filled with 1M K-acetate or 3M NaCl solution saturated with methylblue, with a resistance of 1-5 MO., were used for recording the field potentials or single unit activities. These activities were displayed on a cathode-ray oscilloscope (RM 565, Tektronix) through a cathode follower and a DC amplifier, and were photographed.
The field potentials were introduced to a computer of average transients (CAT 400B, Mne motron), and 30 to 50 responses were superimposed and displayed on the oscilloscope for photographing. In order to avoid a possible mixing of records from axons, the data from monophasic positive spikes were discarded.
In order to prevent the possibility of the current spreading to extrapulpal receptors, the tooth pulp of the canine teeth was completely removed in 5 animals; that is, the incisal 2 to 3 mm of the canine crown was cut off and the incisal end of the pulp chamber was opened with a dental bar, so as to insert a hypodermic needle (27G). The pulp was then crushed by twisting an inserted hypodermic needle. The resistance (50-300U) between the implanted electrodes was hardly changed after this procedure.
The location of the microelectrode tip in the upper spinal cord was marked by electro phoretic injection of methylblue (4-6 /eA, 10-15 min) and was histologically identified in Nissl stained serial sections of the cord.
Fentanyl citrate (Janssen) was dissolved in 0.9 % saline (40 gag/ml) and intravenously administered by slow injection.
RESULTS
Results will be separated into two main sections: firstly, distribution of evoked potentials in the subnucleus caudalis region and related neuron activities will be described, and secondly, fentanyl effects both on evoked potentials and neuron discharges will be discussed.
Field potentials and associated single unit activities evoked by tooth pulp stimulation msec and an early peak at 8-12 cosec, and its second peak appeared at 18-22 msec and persisted for up to 50 msec. These two peaks had different sensitivities to a barbiturate ( Fig.  2 -B) or to fentanyl ( Fig. 4-B) . The second peak more often than the first one failed to respond to repetitive stimulation of the pulp ( Fig. 2-A) . Therefore, these two peaks appeared to be generated by two different mechanisms. both the first and second peaks were simultaneously induced by pulp stimulation. Within 5 min after the fentanyl injection (40 tag/kg), the first peak of the potentials was almost abolished, while the second peak was remarkably increased in size. Thereafter, the first peak gradually recovered and returned to the control value in about 30 min. The second peak, however, did not completely recover to the control value until, at least, 40 min later. A complete recovery of the later peak is exemplified Fig. 4 -C. The depression of the first peak by fentanyl was observed in 6 experiments. Figure 4 -C indicates an example where the later peak is prominent. One min later, fentanyl potentiated this component and this effect was almost abolished within 40 min. The late potentiation was observed in 10 cases including those in Fig. 4 -B and -C. As shown in Fig. 4 -A, both depression of the early peak (closed circles) and potentiation of the late peak (closed and open circles) were ob served at the border area between the Pr and the LRF.
The potential recorded at the ventro-medial portion of the LRF (crosses in Fig. 4-A) was hardly affected by fentanyl as shown in Fig. 4 
-D (5 experiments).

Influence of fentanyl on the responses of pulp-sensitive neurons
The effect of fentanyl (20 or 40 ,og/kg i.v.) on the evoked spike discharges was studied in 24 neurons in the Pr or the LRF and in 5 neurons in the marginal zone or the substantia gelatinosa. Figure 5 illustrates three examples of fentanyl effects on single unit discharge patterns.
Five min after fentanyl injection the mean latency for a cell in After fentanyl, spike latencies in A were prolonged, responses in B were abolished and responses in C were hardly changed. Note that, in A, spike discharges between 20 and 40 cosec after the first shock of pulp were rather increased after fentanyl. by a striking prolongation of the latency after fentanyl (Fig. 6-B) . A cell in Fig. 5 -B dis charged with a mean latency of 18.5 msec after the first shock of paired pulp stimuli before an administration of fentanyl. This response was abolished for 5 min after fentanyl injection, and it gradually recovered and returned to the control in about 50 min. Figure 5 -C shows an example of a cell whose evoked spike discharges were hardly affected by fentanyl. Al though a spike latency of this cell tended to be prolonged and its spike number to decrease 1 min after fentanyl injection, 5 and 15 min later, the responses became substantially the same as seen in the control. Since the fentanyl effect is known to last, at least, for 10 min (12, 18) , the slight depression seen 1 min later may not be the effect of fentanyl per se, but rather may be due to a secondary influence such as a transient decrease in blood pressure following the injection of fentanyl.
All neurons tested were categorized into either of these 3 types, hence these were desig A question then arises as to whether or not the early (depressed by fentanyl) and late (potentiated by fentanyl) potentials originate from activities of the same neurons. Cells in the border area which had a latency of about 5--15 cosec corresponding to the early potential and whose responses to pulp stimulation were depressed by fentanyl were thus studied.
Ten cells which filled such criteria were found. In 8 of these, although their latencies and evoked spike numbers after pulp stimulation were prolonged and decreased, following fentanyl injection, their spike discharges between 20 and 40 cosec after the stimulus were not affected but rather were increased by fentanyl. Since the latency of the latter corresponds to that of the late potential, it is considered that these neurons may be responsible, at least in part, for the opposite actions of fentanyl on the early and late potentials. However, fentanyl potentiation can hardly be explained from the facts related the single neuron ac tivities, as none of the 8 neurons with latencies of more than 15 msec was excited by fentanyl and even 5 depressed neurons were observed.
It was thus confirmed in this study that field potentials and unit activities evoked by tooth pulp stimulation were predominantly recorded in the border area, corresponding to the dorso-lateral part of the LRF region of Nord and Ross (9) , and these potentials were depressed by fentanyl. Neurons in the LRF region, ventro-medially contiguous with the Pr, receive a convergence of various forms of noxious and non-noxious input (6, 7, 9) , as well as those in Rexed laminae V in the spinal cord dorsal horn (cf. 24, 25) , and they were considered to play a fundamental role in facial pain perception by Nord and his colleagues (7, 9) . This region is anatomically regarded as a rostral extension of the spinal laminae V The present study indicates that input from tooth pulp afferents in the subnucleus caudalis region invade the marginal zone, the border area between the Pr and the LRF, and the LRF, and suggests that fentanyl depresses input to the border area from the pulp or the activities of neurons in this area.
